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7KLV SDSHU SUHVHQWV D FRPSDUDWLYH VWXG\ RI WULERORJLFDO EHKDYLRU RI HOHFWUROHVV 1L3 FRDWLQJ XQGHU GU\ DQG
OXEULFDWHG FRQGLWLRQ EDVHG RQ 7DJXFKL DQDO\VLV0LOG VWHHO VSHFLPHQV DUH XVHG DV WKH VXEVWUDWH PDWHULDO IRU WKH
GHSRVLWLRQ RI 1L3 FRDWLQJ %DVHG RQ / RUWKRJRQDO DUUD\ RI 7DJXFKL DQDO\VLV WKH IULFWLRQ DQG ZHDU WHVWV DUH
FRQGXFWHG RQDSODWHRQUROOHUW\SHPXOWLWULERWHVWHU 7KUHHSURFHVV SDUDPHWHUV YL] QRUPDOORDGVOLGLQJVSHHGDQG
GXUDWLRQRIVOLGLQJ DUHFRQVLGHUHG,WLVVHHQWKDWWKHQRUPDOORDGLVWKHPRVWVLJQLILFDQWIDFWRUIROORZHGE\VOLGLQJ
VSHHGDQGVOLGLQJWLPHDW FRQILGHQFHOHYHO LQFDVHRIIULFWLRQFRHIILFLHQW +RZHYHU IRUZHDUQRUPDOORDGDQG
VOLGLQJ WLPHDUHVLJQLILFDQWSDUDPHWHUVDWVDPHFRQILGHQFH OHYHO &RQILUPDWLRQ WHVWVDUH FDUULHGRXW WRYDOLGDWH WKH
DQDO\VLV )LQDOO\WKHVXUIDFHPRUSKRORJ\FRPSRVLWLRQDQGFRPSRXQGDQDO\VLVRIWKHFRDWLQJVDUHGRQHE\PHDQVRI
VFDQQLQJHOHFWURQPLFURVFRSHHQHUJ\GLVSHUVHG[UD\PLFURDQDO\]HUDQG[UD\GLIIUDFWLRQDQDO\]HUUHVSHFWLYHO\
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UHGXFWLRQ ZLWK K\SRSKRVSKLWH 7KHUHDIWHU WKH UHDFWLRQ LV PXFK VWXGLHG EXW WKH PHWDO WKXV IRUPHG LV DOPRVW
LQYDULDEO\LQSRZGHUIRUP (OHFWUROHVV QLFNHO(1 FRDWLQJLVILUVWGHYHORSHGE\%UHQQHUDQG5LGGHOO  WRPHHW
WKH FKDOOHQJLQJ QHHGV RI D YDULHW\ RI LQGXVWULDO DSSOLFDWLRQV 7KHVH W\SHV RI FRDWLQJ DUH XVHG LQ LQGXVWULDO
DSSOLFDWLRQV EHFDXVH RI WKHLU H[FHOOHQW PHFKDQLFDO HOHFWULFDO SK\VLFDO FRUURVLRQ KDUGQHVV IULFWLRQ DQG ZHDU
UHVLVWDQFHSURSHUWLHV ,W SURYLGHVDVPRRWKDQGXQLIRUPGHSRVLWLRQRYHU WKH VXEVWUDWHDQGVR LWPD\EHDSSOLHG RQ
LUUHJXODU DQG LQWULFDWH VKDSHVRI JHRPHWULHV DOVR7KH HOHFWUROHVVEDWK W\SLFDOO\ FRPSULVHV DQ DTXHRXV VROXWLRQRI
PHWDOLRQVUHGXFLQJDJHQWVDQGVWDELOL]HUVRSHUDWLQJLQDVSHFL¿FPHWDOLRQFRQFHQWUDWLRQWHPSHUDWXUHDQGS+
UDQJHV 6DKRRDQG'DV 
0DQ\ UHVHDUFKHUV DUH DWWUDFWHG LQ WKH ILHOG RI WULERORJLFDO SURSHUWLHV $ VWXG\ RI ZHDU 6WDLD HW DO  RQ
HOHFWUROHVV 1L3 FRDWLQJ UHYHDOV WKDW WKH FRDWLQJ LQ DV GHSRVLWHG VWDWH H[KLELWV KLJK UDWHV RI ZHDU 3URSHUWLHV RI
FRDWLQJ LVEDVLFDOO\GHSHQGVXSRQ WKHFRQWHQWRISKRVSKRURXV ,W LV REVHUYHG WKDWZHDU UHVLVWDQW LQFUHDVHVZLWK DQ
LQFUHDVH LQ SKRVSKRURXVFRQWHQWLQWKHFRDWLQJ ,W LVDOVRPHQWLRQHGWKDW PHFKDQLFDO DQGWULERORJLFDOSURSHUWLHVRI
WKHFRDWLQJVFDQIXUWKHUEHLPSURYHGE\LQFRUSRUDWLQJKHDWWUHDWPHQW WHPSHUDWXUH $JDUZDODDQG$JDUZDOD 
,WLV DOVRIRXQGRQDEUDVLYHZHDUUHVLVWDQFHRIHOHFWUROHVV1L3FRDWLQJWKDWWKHKHDWWUHDWPHQWGHFUHDVHVWKHDEUDVLYH
ZHDUUHVLVWDQFHRIWKHFRDWLQJV 6WDLDHWDO ,Q1L3 FRDWLQJ WKHFRQWHQWRISKRVSKRURXVGHFUHDVHVZLWK DQ
LQFUHDVHLQWHPSHUDWXUH DVWKH FU\VWDOVWUXFWXUH FKDQJHV%XW WKH KLJKHVWKDUGQHVVPD\EHDFKLHYHGLIWKHFRDWLQJLV
KHDWWUHDWHGDWq&IRUKRXU 6WDLDHWDO 7KHIULFWLRQDQGZHDUEHKDYLRURIHOHFWUROHVVQLFNHOKDVEHHQ
HYDOXDWHGPRVWO\XQGHUGU\QRQOXEULFDWHGFRQGLWLRQV 8VHRIOXEULFDQWPD\LPSURYHWKHWULERORJLFDOEHKDYLRXURI
FRDWLQJ%XWRQO\DIHZUHVHDUFKHUVDUHIRFXVHGRQWKLVUHJLRQ /LX DQG 7DQGRQ  3DQDJRSRXORV  &KHQHW
DO  *HUHWDO  :DQJHWDO 
,QWKHSUHVHQWVWXG\ PLOGVWHHO$,6,LVWDNHQDVVXEVWUDWHPDWHULDODQGGHSRVLWLRQRI1L3FRDWLQJVLVGRQH
WR SUHSDUH WKH VDPSOHV )ULFWLRQ DQG ZHDU FKDUDFWHULVWLFV DUH VWXGLHG LQ D PXOWLWULERWHVWHU YDU\LQJ WKUHH SURFHVV
SDUDPHWHUVYL]QRUPDOORDGVOLGLQJVSHHGDQG VOLGLQJWLPH EDVHGRQ / RUWKRJRQDODUUD\2$7DJXFKLWHFKQLTXH
LVXVHGWRILQGRXWWKHRSWLPXPFRPELQDWLRQ RI SURFHVV SDUDPHWHUV IRUPLQLPXPIULFWLRQDQGZHDU $FRPSDUDWLYH
VWXG\LVFDUULHGRXWEHWZHHQGU\DQGOXEULFDWHGVOLGLQJFRQGLWLRQVIRUIULFWLRQDQGZHDUSURSHUWLHVRI1L3FRDWLQJV




7DJXFKL DQDO\VLV LV D SRZHUIXO WRRO IRU GHVLJQ RI KLJK TXDOLW\ V\VWHPV EDVHG RQ RUWKRJRQDO DUUD\ 2$ 5R\
 ,W LVQRWKLQJEXW WKHVKRUWHVWSRVVLEOHPDWUL[RI FRPELQDWLRQV LQZKLFKDOO WKHSDUDPHWHUVDUHYDULHGDW WKH
VDPH WLPH DQG WKHLU HIIHFW DQG SHUIRUPDQFH LQWHUDFWLRQV DUH VWXGLHG VLPXOWDQHRXVO\ 7DJXFKL PHWKRG XVHV D
VWDWLVWLFDOPHDVXUHRISHUIRUPDQFHFDOOHGVLJQDOWRQRLVH 61 UDWLRZKLFKLVORJDULWKPLF IXQFWLRQRIGHVLUHGRXWSXW
WR VHUYH DV REMHFWLYH IXQFWLRQV IRU RSWLPL]DWLRQ 7KH 61 UDWLR FRQVLGHUV ERWK WKH PHDQ DQG WKH YDULDELOLW\ LQWR




/%FKDUDFWHULVWLFQHHGVWREHXVHG)XUWKHUPRUH DQDO\VLVRIYDULDQFH$129$ 0RQWJRPHU\  LVSHUIRUPHG




0LOG VWHHO $,6, VSHFLPHQV RI VL]H PP [ PP [ PP DUH XVHG DV WKH VXEVWUDWH PDWHULDO IRU WKH
GHSRVLWLRQ RI WKH HOHFWUROHVV 1L3 FRDWLQJ )RU SUHSDUDWLRQ RI VDPSOHV VRPHPDFKLQLQJ RSHUDWLRQV DUH XVHG OLNH
VKDSLQJ SDUWLQJ PLOOLQJ DQG JULQGLQJ 7KH VDPSOHV DUH FOHDQHG IURP IRUHLJQ PDWWHU DQG FRUURVLRQ SURGXFWV E\
ZLSLQJ)RUFRDWLQJGHSRVLWLRQWKHVXUIDFHVRIWKHVSHFLPHQVDUHFOHDQHGFDUHIXOO\XVLQJGLVWLOOHGZDWHUHWFKHGZLWK
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K\GURFKORULFDFLGIRUPLQULQVHGLQGLVWLOOHGZDWHUDQGPHWKDQROVXEVHTXHQWO\)LQDOO\WKHFOHDQHGVDPSOHV
DUHDFWLYDWHGLQSDOODGLXPFKORULGHDW&WHPSHUDWXUHIRUDIHZVHFRQGVDQGSODFHGLQWKHHOHFWUROHVVEDWK%DWK
FRPSRVLWLRQ DQG RSHUDWLQJ FRQGLWLRQV DUH GLVSOD\HG LQ 7DEOH  7KHVH FRQGLWLRQV DUH FKRVHQ DV RSWLPXP
FRPELQDWLRQ RI FRDWLQJ SDUDPHWHUV 6DKRR DQG 3DO  'HSRVLWLRQ SDUDPHWHUV DUH NHSW FRQVWDQW IRU HDFK
VSHFLPHQ VR WKDW WKH FRDWLQJ WKLFNQHVV UHPDLQV FRQVWDQW6(0 UHVXOW FRQILUPV WKHGHSRVLWLRQ WKLFNQHVV LV DURXQG
P$IWHU WKHGHSRVLWLRQ WKH VDPSOHV DUH WDNHQRXW RI WKHEDWK DQGZDVKHG LQGLVWLOOHGZDWHU%\XVLQJ DER[
IXUQDFHWKHVDPSOHVDUHKHDWWUHDWHGDQQHDOHGDW&IRUKLQGLYLGXDOO\IROORZHGE\QRUPDODLUFRROLQJ
 'HVLJQIDFWRUVDQGUHVSRQVHYDULDEOHV
7KH ILUVW WDUJHW LV WR ILQG RXW WKH GHVLJQ IDFWRU DORQJ ZLWK WKHLU OHYHOV +HUH WKH FRPSRVLWLRQV DQG RSHUDWLQJ
FRQGLWLRQVIRUHOHFWUROHVV1L3FRDWLQJDUHVHOHFWHGWKURXJKWKHUHYLHZRIOLWHUDWXUHV 6DKRRDQG3DO  6DKRR
 6DKRR 7KHPRVW LPSRUWDQWSDUDPHWHUVDUHQRUPDOORDG/VOLGLQJVSHHG6DQGGXUDWLRQRIVOLGLQJ
77DEOHGLVSOD\VWKHPDLQGHVLJQIDFWRUVDORQJZLWKWKHLUOHYHOV
7DEOH %DWKFRPSRVLWLRQDQGRSHUDWLQJFRQGLWLRQV 7DEOH'HVLJQIDFWRUVDORQJZLWKWKHLUOHYHOV
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D ,QLWLDOWHVWLQJFRQGLWLRQ
 'HVLJQRI([SHULPHQW
,Q WKLV VWXG\ DQ/ 2$ZKLFK KDV URZV FRUUHVSRQGLQJ WR WKH QXPEHURI WHVWV DQG GHJUHHVRI IUHHGRP
'2)VZLWKFROXPQVDWWKUHHOHYHOVLVFKRVHQWR IXOILO WKHH[SHULPHQW7RFKHFNWKH'2)VLQWKHH[SHULPHQWDO
GHVLJQ IRU WKUHH OHYHO WHVW WKH WKUHH PDLQ IDFWRUV WDNH  > î  ± @ '2)V 7KH'2) IRU WKUHH VHFRQGRUGHU
LQWHUDFWLRQV/ î6/î76î7DUH>î ± î ± @DQGVRWKHWRWDO'2)VUHTXLUHGLV$VSHU 7DJXFKL
PHWKRGWKHWRWDO'2)VRIVHOHFWHG2$PXVWEHJUHDWHUWKDQRUHTXDOWRWKHWRWDO'2)VUHTXLUHGIRUWKHH[SHULPHQW





W\SHPXOWLWULERWHVWHU 75'XFRP,QGLD OLNHQRUPDO ORDGVOLGLQJVSHHGUSPDQG WLPHRIRSHUDWLRQDW URRP
WHPSHUDWXUH & )RU WULERORJLFDO WHVW XQGHU OXEULFDWHG FRQGLWLRQ FRPPHUFLDO HQJLQH RLO 6HUYR 35,'( D
SURGXFW RI ,QGLDQ 2LO LV XVHG +HUH (1FRDWHG VSHFLPHQ  +5F LV XVHG DV VWDWLRQDU\ SODWH 7KLV SODWH LV






7KH H[SHULPHQWDO UHVXOWV IRU IULFWLRQ DQG ZHDU SURSHUWLHV XQGHU GU\ 6DKRR DQG 3DO  DQG OXEULFDWHG
FRQGLWLRQVDUHSUHVHQWHGLQ7DEOH ,WLVWREHPHQWLRQHGKHUHWKDWWKH PD[LPXPZHDUGHSWKLVOHVVWKDQWKHDYHUDJH
FRDWLQJ WKLFNQHVV P7KH H[SHULPHQWDO UHVXOWV DUH DQDO\VHGXVLQJ7DJXFKLPHWKRG DQG IRU WKLV 0LQLWDE
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UDWLR RI WKH PHDQ DQG WKH VWDQGDUG GHYLDWLRQ 6' 7DJXFKL PHWKRG XVHV 61 UDWLR WR PHDVXUH WKH TXDOLW\














ZKHUH \LVWKH REVHUYHGGDWD DQG QLVWKHQXPEHURIREVHUYDWLRQVDQG\LVWKHGDWD7KHVH61UDWLRVDUHH[SUHVVHG
RQDGHFLEHOVFDOHG%








/67 KLJKHVW OHYHOVRIORDGDQGVSHHGDQGWKHORZHVWOHYHORIWLPH IRUOXEULFDWHGFRQGLWLRQDQGGU\FRQGLWLRQ
UHVSHFWLYHO\)RUZHDU FKDUDFWHULVWLFVRSWLPXPSDUDPHWHUFRPELQDWLRQVDUH IRXQGWREH DV /67DQG/67 IRU
OXEULFDWHGDQGGU\FRQGLWLRQ UHVSHFWLYHO\
)URP WKHPDLQHIIHFWVSORWV )LJDQG)LJ LW LV DOVR VHHQ WKDW IULFWLRQ DQGZHDU EHKDYLRXUV IROORZDOPRVW
VDPHWUHQG XQGHUOXEULFDWHGDQGGU\FRQGLWLRQ
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7DEOH 5HVSRQVHWDEOHRIPHDQ61UDWLRIRUZHDU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)LJ0DLQHIIHFWVSORWIRUZHDUD XQGHU OXEULFDWHGFRQGLWLRQDQGE XQGHU GU\FRQGLWLRQ
 $QDO\VLVRIYDULDQFH$129$
$129$ DVWDWLVWLFDOWHFKQLTXH 5R\  0RQWJRPHU\  LVXVHG WRILQGRXWWKHVLJQLILFDQFHRILQGLYLGXDO
SURFHVVSDUDPHWHUV DQG WKHLU UHVSHFWLYHSHUFHQWDJHVRIFRQWULEXWLRQ $129$FDOFXODWHV)UDWLRZKLFKLV WKHUDWLR
EHWZHHQWKHUHJUHVVLRQPHDQVTXDUHDQGWKHPHDQVTXDUHHUURU7KLVUDWLRLVXVHGWRPHDVXUHWKHVLJQLILFDQFHRIWKH
SDUDPHWHUVXQGHULQYHVWLJDWLRQZLWKUHVSHFWWRWKHYDULDQFHRIDOOWKHWHUPVLQFOXGHGLQWKHHUURUWHUPDWWKHGHVLUHG
VLJQLILFDQFH OHYHO ,I WKHFDOFXODWHGYDOXHRI WKH)UDWLR LV KLJKHU WKDQ WKH WDEXODWHGYDOXHRI WKH)UDWLR WKHQ WKH
IDFWRU LV VLJQLILFDQW DW D GHVLUHG VLJQLILFDQFH OHYHO ,QJHQHUDOZKHQ WKH)YDOXH LQFUHDVHV WKH VLJQLILFDQFHRI WKH
SDUDPHWHUDOVRLQFUHDVHV
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ZKHUH PK LV WKHWRWDOPHDQ61UDWLR LK LV WKHPHDQ61UDWLRDW WKH RSWLPDO WHVWLQJSDUDPHWHUOHYHODQGRLV WKH




ZKLFKPHDQVFRHIILFLHQWRIIULFWLRQLVUHGXFHGE\ 6LPLODUO\ 7DEOH VKRZVWKHUHVXOWVIRUWKHHVWLPDWHG
DQGDFWXDOZHDUXVLQJWKHRSWLPDOSDUDPHWHUVHWWLQJ XQGHUOXEULFDWHGFRQGLWLRQ7KHLPSURYHPHQWRI61UDWLRIURP
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    61UDWLRG%   
,PSURYHPHQWRI61UDWLR G% ,PSURYHPHQWRI61UDWLR G%
 6XUIDFHPRUSKRORJ\DQGFRPSRVLWLRQ VWXG\
7KHVH VWXGLHV KDYH EHHQ GRQH WR DQDO\VLV WKHPLFURVWUXFWXUH IURP6(0)(,4XDQWD  FRPSRVLWLRQ IURP
('; )(,4XDQWD  DQG FRPSRXQG IURP;5' 5LJDNX0LQLIOH[ RI WKH GHSRVLWHG FRDWLQJ EHIRUH DQG DIWHU
DQQHDOLQJDWR&LQRUGHUWR REVHUYH WKHHIIHFWRIKHDWWUHDWPHQW
)URP WKH VWXG\ RI 6(0PLFURJUDSKV RI WKHVH VXUIDFHV LW LV VHHQ WKDW WKHUH DUHPDQ\ JOREXODU SDUWLFOHV RQ WKH
VXUIDFHRI WKHVXEVWUDWH/DUJHU IRU1LDQGVPDOOHU IRU3VSKHULFDOQRGXODUVWUXFWXUHV UHSUHVHQWRQVXUIDFH7KH
VXUIDFHLVRSWLFDOO\VPRRWKDQGRIORZSRURVLW\DQGQRVXUIDFHGDPDJHLVIRXQG7KLVDQDO\VLVLQGLFDWHVWKDWWKHDV
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%XWDIWHUKHDWWUHDWPHQWGHSRVLWVFU\VWDOOL]HDQGHDVLO\IRXQGWKUHHPDMRUFRPSRXQGSHDNV1L31L3DQG1L3




7DJXFKL PHWKRG LV XVHG WR RSWLPL]H WKH WULERORJLFDO WHVWLQJ SDUDPHWHUV RI (1 FRDWLQJV IRU IULFWLRQ DQG ZHDU
SURSHUWLHV ,WLVVHHQIURPWKH VWXG\ WKDWWKHQRUPDOORDGLVWKHPRVWVLJQLILFDQWIDFWRUIROORZHGE\VOLGLQJVSHHGDQG
VOLGLQJWLPHDWFRQILGHQFHOHYHOLQFDVHRIIULFWLRQFRHIILFLHQW+RZHYHUIRUZHDUQRUPDOORDGDQGVOLGLQJWLPH
DUHVLJQLILFDQWSDUDPHWHUVDWVDPHFRQILGHQFHOHYHO 7KH RSWLPXPFRPELQDWLRQRISURFHVVSDUDPHWHUVDUHIRXQGRXW
IRUPLQLPXPIULFWLRQDQGZHDUIURPWKHVWXG\ ,WLVVHHQWKDWPLQLPXPIULFWLRQLVIRXQGRXWDWWKH KLJKHVWOHYHOV RI
QRUPDO ORDGVSHHGDQGVOLGLQJWLPHXQGHUOXEULFDWHGFRQGLWLRQ8QGHUGU\FRQGLWLRQPLQLPXPIULFWLRQLVIRXQGDW
WKH KLJKHVW OHYHOV RI QRUPDO ORDG DQG VSHHG DQG WKH ORZHVW OHYHO RI VOLGLQJ WLPH0LQLPXPZHDU LV IRXQG DW WKH
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KLJKHVWOHYHOVRIQRUPDOORDGDQGWLPHDQGDWWKHORZHVWOHYHORIVOLGLQJVSHHGIRUERWKGU\DQGOXEULFDWHGFRQGLWLRQ
&RQILUPDWLRQV WHVWV DUH FDUULHG RXW WR YDOLGDWH WKH DQDO\VLV )LQDOO\ WKH VXUIDFH PRUSKRORJ\ FRPSRVLWLRQ DQG
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